Permeability Analysis of Additively Manufactured Wicks for Developing Heat Pipes

Zachary Goode, Engineering (Robotics)/Manufacturing Engineering
Mentor: Prof. Dhruv Bhate
The Polytechnic School, Arizona State University

Research questions: What are the characteristics that make an optimum wick for heat pipes and how can they be evaluated?
How do design and process influence the performance of 3D printed metallic wicks?
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Heat pipes and vapor chambers are methods of passive cooling that rely on The test rig consists of a single flow sensor, a single differential pressure meter, and four

phase change of a fluid in a closed loop. They utilize vaporization and wicking temperature sensors. The data from the flow sensor and pressure transducers is directly The first group of samples tested have different cell sizes but have a consistent cell

of fluids to assist in transfer of heat from one side to the other. Heat pipes are used to calculate permeability, while the temperature sensors compensate for density ratio. During our measurements we found that the flow rate stays constant, but
commonly used in high power density electronics applications due to their high temperature irregularity affecting the fluid viscosity. From initial testing we found that the smaller cell sizes led to a larger pressure differential between the open ends of the
thermal conductivity. Heat pipes utilizing copper and de-ionized water are the the flow rate stayed steady at about 5 L/min while the pressure differential could vary samples. With an increase in pressure differential, we observed a decrease in the

most common construction method used for electronics applications due to from 0.4psi (for the more open samples) to upwards of 1.5psi (for the more closed off permeability of the samples.
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The development of additively manufactured sintered wicks and heat pipes will : .y (=8 5 9 == =7 S:ﬁtvc;flfve
allow for the design and creation of integrated heat sinks and pipes in designs :
not possible through standard manufacturing processes currently relied upon. /
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It is also possible to explore designs of more efficient thermal dissipation
designs, such as those seen in nature. This work involves the development of a Flow meter o ol
test rig that will enable the analysis of such wicks prior to implementing high-

performing designs in heat pipes. Current progress has included the design, b' -
development and prototyping of a permeability rig. Pe rm ea I I Ity Sa m p I e Data G rou p 2
Te St Sa m p I es The second group of samples tested have a constant 10mm cell size but have varying
density ratios. During our measurements we found that the flow rate also stays constant,
The current test samples used for verification of data from the porosity rig were but the smaller open cell densities led to a larger pressure differential between the open

Measuring Permea b"lty designed using nTopology. Currently two sets of samples have been printed for ends of the samples. With an increase in pressure differential, we observed a decrease in

testing. The first group of samples have consistent densities but have varying cell the permeability of the samples just like with the data seen above.
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